experience for the mother and her family. [12] [13] [14] First maternalnewborn interactions, such as seeing, holding, and feeding the newborn, are part of the complex and not yet fully understood psychobiological process of maternal-newborn bonding. [13] [14] [15] [16] Recent research has documented the positive effects of early maternal-newborn contact on the newborn's thermoregulation, stress reactivity, and autonomic functioning. 17, 18 However, hospitals have postdelivery routines in place that may involve immediate or early separation of the mother and newborn to assess the newborn and care for the mother. 12 In addition, there is a variety of circumstances in which the newborn or mother may require post-delivery medical care that precludes immediate or early maternal-newborn contact.
In the case of cesarean delivery, the focus is generally on the postincision care of the mother and there may be little or no opportunity for the mother to see, hold, or feed her newborn for several hours after the delivery. 19 Although there is growing evidence of the value of immediate or early maternal-newborn contact, particularly within the first hour after delivery, 19, 20 we found little research which quantified time to first maternal-newborn contact or investigated factors associated with how soon after delivery new mothers first see, hold, and feed their newborns in United States hospitals. In addition, we found little research measuring variation in time to first maternal-newborn contact in relation to maternal birth experience. While it is welldocumented that women who deliver by cesarean report a more negative birth experience than those who deliver vaginally, [7] [8] [9] it is not clear how time to first maternal-newborn contact plays a role in this association between mode of delivery and birth experience, if at all. As part of a large-scale prospective, cohort study of first childbirth, we asked new mothers how soon after delivery they first saw, held, and fed their newborns. This provided a unique opportunity to investigate associations between demographic and clinical factors and time-intervals before first maternal-newborn contact, and the effects of these timeintervals on maternal experience of childbirth, controlling for confounding variables.
| METHODS

| Design and participants
This was a planned secondary analysis of data from the First Baby Study (FBS). 21 The FBS was a prospective cohort study designed to investigate the association between mode of delivery at first childbirth and subsequent childbearing. Women were recruited from a variety of settings, including childbirth education classes, low-income clinics, targeted mailings, local magazine ads, and postings at participating hospitals. Interviews were conducted by telephone. Women met inclusion criteria if they were English-or Spanishspeaking, nulliparous, aged 18-35 years old, expecting a singleton, and planning to deliver at a hospital in Pennsylvania. Women were excluded if they had had a prior pregnancy of 20 weeks' gestation or longer, were a surrogate, were planning for adoption, or were planning to deliver outside the hospital. 
| Measures
The outcome of interest for this analysis was maternal birth experience, measured by a 16-item instrument administered at the 1-month postpartum telephone interview, the FBS Birth Experience Scale. This scale was developed by the FBS investigators based on qualitative interviews of new mothers, and pilot-tested before use. Respondents were asked "Thinking back to right after you had your baby (or if unconscious, after you woke up), please tell me how you felt, using the following scale-extremely, quite a bit, moderately, a little bit and not at all." The interviewer asked about 16 feelings. These feelings were "exhausted," "on cloud nine," "disappointed," "in pain," "sick," "delighted," "upset," "excited," "worried," "calm," "like a failure," "thankful," "traumatized," "sad," "angry," and "proud of myself." Items that measured positive feelings were reverse scored. Total scores on this instrument could range from 16 (very negative birth experience) to 80 (very positive birth experience). The overall Cronbach's α was 0.74 and the instrument exhibited strong construct validity as a measure of childbirth experience, as can be seen in several previous publications. 7, 22 As part of the 1-month postpartum interview, the new mothers were asked: "Thinking about when your baby was born, how soon after delivery were you able to see your baby for the first time?," "…hold your baby for the first time?," and "…feed your baby for the first time?" These questions were developed by one of the authors (IP), with the goal of comparing time to first maternal-newborn contact by mode of delivery. In response to these questions, participants answered either "right away" or reported the time from delivery to first maternal-newborn contact. These variables were categorized because the distributions were highly kurtotic (76.2% reported that they first saw their newborn right away, for example), highly skewed to the right (some women were not able to first hold their newborn for weeks after delivery, for example), and the majority of women answered these questions in terms of common time intervals, such as "10 minutes," "30 minutes," or "1 hour," which created a multimodal distribution. For each time-interval variable, we began with 9-10 categories and combined categories to arrive at three categories per variable that were significantly different from each other in terms of mean birth experience scores. For the variable of time to first see the newborn, the three categories were as follows: right away, 1-30 minutes after delivery, and >30 minutes after delivery. For the variable of time to first hold the newborn the categories were 5 minutes or less, >5-30 minutes, and >30 minutes. For the variable of time to first feed the newborn, the categories were 30 minutes or less, >30 minutes-2 hours, and >2 hours.
In order to identify variation across the three time-interval variables taken together, we created a summated scale of time to first maternal-newborn contact (the Combined Timeinterval Scale), by summing women's scores on each of the time-interval variables, each scored 1-3. Therefore, scores on this scale ranged from 3 (1 point assigned if the mother saw her newborn right away, 1 point if she held her newborn in 5 minutes or less, and 1 point if she fed her newborn in 30 minutes or less) to 9 (3 points assigned if the mother did not see her newborn until more than 30 minutes after delivery, 3 points if she did not hold her newborn until more than 30 minutes after delivery, and 3 points if she did not feed her newborn until more than 2 hours after delivery). Reliability analyses indicated that these three items worked well together. The corrected item-total correlations ranged from 0.46 to 0.59 and the overall Cronbach's α was 0.69 (appropriate for a 3-item scale).
We used the hospital discharge data linked to the birth certificate data to develop four dichotomous composite measures of childbirth morbidity, including high-risk deliveries, fetal congenital conditions, maternal morbidities, and newborn morbidities, based on the childbirth composite morbidity indicators described in Korst et al, 23 using the International Classification of Diseases 9th Revision, Clinical Modification (ICD-CM) diagnostic and procedure codes specified in tables S1-S3 of Korst et al. 23 We also counted a condition as present if it was reported in the birth certificate data. We developed these composite childbirth morbidity indicators so that we could measure and control for pregnancy and childbirth complications that would likely be associated with how quickly the mother would be able to first see, hold, and feed her newborn, as well as her feelings about the childbirth.
| Statistical analyses
The analyses addressed the following four questions:
1. What demographic and clinical factors were associated with the time to first maternal-newborn contact?
2. How did the mode of delivery affect the time to first maternal-newborn contact? 3. How did time to first maternal-newborn contact affect the association between mode of delivery and maternal birth experience?, and 4. How did time to first maternal-newborn contact affect maternal childbirth experience, independent of mode of delivery?
The associations between the time-interval variables (time from delivery to first seeing, holding, and feeding the newborn) and demographic and clinical factors were measured using Pearson's χ 2 tests. Adjusted odd ratios (aORs) and 95% confidence intervals (CIs) were derived from three multivariable logistic regression models (with all confounding variables in each model) to measure the associations between the demographic and clinical factors and each of the three primary time-interval variables. For these analyses, the time-interval categories were dichotomized to compare women who interacted with their newborns in the shortest time categories within each timeinterval variable (saw newborn right away, held newborn in 5 minutes or less, and fed newborn in 30 minutes or less) to those who did not. Sequential general linear models were used to investigate the effect of each of the time-interval variables on the association between mode of delivery and maternal birth experience. In the first model, we controlled for the confounding variables, but did not include any of the time-interval variables. In the second model, we controlled for the "time to first see the newborn" variable and the confounding variables. In the third model, we controlled for the "time to first hold the newborn" variable and the confounding variables. In the fourth model, we controlled for the "time to first feed the newborn" variable and the confounding variables. In the fifth model, we controlled for the Combined Time-interval Scale variable and the confounding variables. We carried out an additional analysis to compare mean FBS Birth Experience scores for the women who delivered vaginally to those who delivered by cesarean, among those with a Combined Timeinterval Scale score of 3, via linear regression, controlling for the confounding variables.
Finally, general linear models were used to measure the association between each of the time-interval variables and maternal childbirth experience, controlling for the covariates, including mode of delivery. For these analyses, there were four models, one for each of the primary time-interval variables (time to see, hold, and feed the newborn), and the Combined Time-interval Scale. For the model with the Combined Time-interval Scale, we conducted a priori contrasts to compare the adjusted means of those with a score of 3 to those with scores of 4, 5, 6, 7, 8, and 9, to compare maternal birth experience among the women with the shortest time-intervals for all three of the maternal-newborn contact domains (those with a combined time-interval score of 3) to those with longer time-intervals.
In the general linear models described above, any one of the time-interval variables was included in only one model at a time because these variables were highly collinear, as one would expect. It would be difficult to hold the newborn without seeing the newborn, for example. Because the adjusted mean birth experience scores resulting from the general linear models were very similar to the unadjusted mean birth experience scores, we show the unadjusted mean birth experience scores only.
| RESULTS
The study participants were predominantly white/nonHispanic (83.2%), and covered by private insurance (77.0%), as seen in Table 1 . There were 155 women (5.2%) who had a planned cesarean delivery before the onset of labor and an additional 708 (23.6%) who had an unplanned cesarean. Based on the childbirth morbidity measures, 23 Missing data: Race/ethnicity (n = 1); Insurance (n = 2); Fetal congenital conditions (n = 13); Time before mother first saw newborn after delivery (n = 10); Time before mother first held newborn after delivery (n = 23); Time before mother first fed newborn after delivery (n = 60); Combined Time-interval Scale (n = 77); FBS Birth Experience Scale (n = 33). A score of 9 on the Combined Time-interval Scale indicates that the new mother first saw her newborn more than 30 minutes after delivery and held her newborn more than 30 minutes after delivery and fed her newborn more than 2 hours after delivery. about half reported holding their newborn in 5 minutes or less after delivery (56.5%), and less than half reported feeding their newborn in 30 minutes or less (40.4%). Overall, 30% had a Combined Time-interval Scale score of 3, indicating that they were able to see their newborn right away and hold their newborn in 5 minutes or less and feed their newborn in 30 minutes or less. In the unadjusted χ 2 analyses, white non-Hispanic women were more likely to report that they saw their newborn right away in comparison to minority women, as were women with private insurance in comparison to women with public insurance ( Row percents are shown in this table. *P < 0.05, **P < 0.01, ***P < 0.001, based on chi-square analyses.
T A B L E 1 (Continued)
P-values < 0.001). Women with high-risk deliveries were less likely to see their newborns right away, hold them in 5 minutes or less, and feed them in 30 minutes or less than women who did not have high-risk deliveries (all 3 P-values < 0.001). If there were neonatal morbidities, the mothers were also less likely to see their newborn right away, hold them in 5 minutes or less, and feed them in 30 minutes or less (all 3 P-values < 0.001).
After adjustment for the confounding variables (Table 3) , the women who had spontaneous vaginal delivery had considerably increased odds of being able to see their newborn right away (aOR 7.77, 95% CI 6.26-9.64), hold their newborn in 5 minutes or less (aOR 40.31, 95% CI 29.58-54.92), and feed their newborn in 30 minutes or less (aOR 8.17, 95% CI 6.32-10.56), in comparison to those who delivered by unplanned cesarean. The women with high-risk deliveries were not significantly less likely to see their newborn right away or feed their newborn in 30 minutes or less, but were less likely to hold their newborn in 5 minutes or less in comparison to those who did not have high-risk deliveries. Fetal congenital conditions were not significantly associated with any of the three time-interval measures. However, when there were neonatal morbidities, the mothers were significantly less likely to see their newborn right away, hold their newborn in 5 minutes or less and feed their newborn in 30 minutes or less. Women whose labor team included a midwife or doula were more likely to see their newborn right away and hold their newborn in 5 minutes or less than women who did not have the support of a midwife or doula.
Overall, women who delivered vaginally reported a more positive childbirth experience than those who delivered by cesarean, controlling for the confounding variables but not the time to first maternal-newborn contact variables (P < 0.001; Table 4 ). With the "time to first see the newborn" variable in the equation (the second model), mode of delivery remained significant. In the third model, with the variable of "time to first hold the newborn" in the equation, mode of delivery was borderline significant. In the fourth model, with the "time to first feed the newborn" in the equation, mode of delivery was significant. In the fifth model, with the Combined Timeinterval Scale in the equation, mode of delivery was no longer significant (P = 0.829). Although very few of the women who delivered by cesarean had a Combined Time-interval Scale score of 3 (n = 19), the mean FBS Birth Experience score for these women was 72.84, which was significantly higher (P = 0.010) than the mean birth experience score for the 848 women who also had a Combined Time-interval Scale score of 3, but had delivered vaginally, which was 70.17. Even after controlling for the confounding variables (including mode of delivery), each of the time-interval variables remained highly significantly associated with birth experience (Table 5 ). The new mothers with the highest birth experience scores were those with a Combined Time-interval Scale score of 3, while those who had a Combined Timeinterval Scale score of 9 had the lowest birth experience scores. In the a priori contrasts (controlling for the confounding variables), the mean FBS Birth Experience Scale score of the women with a Combined Time-interval Scale score of 3 was not significantly different from the mean birth experience score of those with a Combined Time-interval Scale score of 4 (P = 0.169), but it was significantly different from the mean birth experience scores of those with Combined Timeinterval Scale scores of 5 (P < 0.01) and 6, 7, 8, and 9 (all 4 P-values < 0.001).
T A B L E 3
Multivariable logistic regression analyses of demographic and clinical factors by time intervals before mothers first saw, held and fed their newborns, controlling for confounders, First Baby Study, Pennsylvania, USA, 2009-
| DISCUSSION
The results from this secondary analysis from the First Baby Study demonstrated that the shorter the time-intervals before Means shown are unadjusted. Each of the five general linear models controls for the confounders of maternal age, race, insurance coverage, late preterm delivery, high-risk delivery, fetal congenital conditions, maternal morbidities, neonatal morbidities, and the support of a midwife or doula. a A score of 3 on the Combined Time-interval Scale indicates that the new mother first saw her newborn right away after delivery, held her newborn in 5 minutes or less after delivery, and fed her newborn in 30 minutes or less after delivery. b A score of 9 on the Combined Time-interval Scale indicates that the new mother first saw her newborn more than 30 minutes after delivery, held her newborn more than 30 minutes after delivery, and fed her newborn more than 2 hours after delivery.
first maternal-newborn contact (seeing, holding, and feeding the newborn) the more positive the childbirth experience was for new mothers. In fact, the women who delivered by cesarean, but nonetheless were able to see their newborns right away and hold them in 5 minutes or less and feed them in 30 minutes or less, had significantly more positive birth experiences than those who reported the same time-intervals before first maternal-newborn contact but delivered vaginally. These results are important because many studies have reported that women who deliver by cesarean report a less positive birth experience than those who deliver vaginally, 11, 22 as we also found in this study. Short time-intervals before first maternalnewborn contact go a long way toward making the childbirth experience positive for new mothers, even those who are delivered by cesarean.
Our results are consistent with other studies that reported that women who have a vaginal birth are usually able to hold and feed their newborn sooner than women with cesarean delivery. 24, 25 This longer length of time before first maternalnewborn contact among women who deliver by cesarean in comparison to vaginally appears to have persisted for decades, 26 despite strides toward facilitation of early contact, such as routine use of spinal anesthesia for cesarean delivery (as opposed to general anesthesia). Nonetheless, we were surprised to find that more than half of the new mothers who delivered by unplanned cesarean (52.1%) reported that they did not see their newborns right away.
| Strengths and limitations
There are several limitations to this secondary data analysis. First, the participants in the First Baby Study were more likely to be married, have college degrees, and be covered by private insurance than the background population of women at first childbirth in Pennsylvania. 21 In addition, this study was of first-time mothers only. These factors limit the generalizability of our findings. Additionally, this analysis relied on maternal report of time to first maternal-newborn contact, which is subject to recall bias. Some women would likely not have remembered accurately how soon they were first able to see, hold, and feed their newborns. Women's reports of the times before they first saw, held, and fed their newborns were categorized into relatively broad time-intervals so that we could measure, in a general sense, the association between time to first maternal-newborn contact and birth experience. However, such broad time-intervals might be of limited utility for clinical purposes. Another limitation of this report is that we did not ask about skin-to-skin contact between the mother and her newborn. We do not know how often immediate or early holding of the newborns in this study involved skin-to-skin contact, or how that factor affected maternal childbirth experience. Finally, these deliveries occurred in the years 2009 to 2011. We do not know to what extent the delivery process has changed in United States hospitals since that time period. This report also has several strengths. The large sample size allowed us to identify relatively uncommon subgroups of women (such as those who delivered by cesarean but nonetheless saw their newborn right away and held their newborn in 5 minutes or less and fed their newborn in 30 minutes or less) that would not have been possible with A score of 9 on the Combined Time-interval Scale indicates that the new mother first saw her newborn more than 30 minutes after delivery, held her newborn more than 30 minutes after delivery, and fed her newborn more than 2 hours after delivery.
a smaller sample. In addition, we controlled for the effects of childbirth morbidities and complications. Studies of factors associated with birth experience rarely control for childbirth complications, in part because they are often small sample, qualitative studies. 8 However, in this analysis, it was particularly important that we control for childbirth morbidities and complications because these factors would reasonably be expected to affect how soon new mothers could interact with their newborns. In this analysis, we found that in the event of neonatal morbidities, the mothers were significantly less likely to see, hold, and feed their newborns in the earliest time intervals after delivery.
| Conclusion
In summary, the results of this analysis demonstrate that the time before first maternal-newborn contact after delivery matters to new mothers, and the shorter the times before new mothers first see, hold, and feed their newborns the more positive they feel about the childbirth in retrospect.
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